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HARMONIC ULTRASOUND IMAGING WITH MICROBUBBLES 
BACKGROUHO OF THE IBVEWTIOH 

Tht present invention relates to an improvtd method for harmonic ultrasound imaging using a 
5 contrast agent spectaty designed to return harmonic frequencies. 
P«rtflTWffl)gf tht Aft 

Ultrasound technology provides en important and more economical alternative to imeoing techniques 
which use ionizing radiation. Whie numerous conventional imaging technologies are avalable, e.g., magnetic 
resonance imaging (MRU computerized tomography (CD, end positron emission tomography (PET), each of 

10 these techniques use extremely expensive equipment. Moreover, CT end PET utibo ionizing radiation. Unlike 
these other technologies, ultrasound imaging equipment is relatively inexpensive. Moreover, ultrasound 
imaging does not use ionizing rediatkm. 

In using the uttresound technique, sound waves are transmitted into an object or petient vie e 
transducer. As the sound waves propagate through the object or body, they ere either reflected or absorbed 

15 by tissues end fluids. Reflected sound weves ere detected by e receiver end processed to form en image. 
The acoustic properties of the tissues end fluids determine the contrast which appeers in the resulting image. 

Ultrasound imaging therefore makes use of differences in tissue density and composition that effect 
the reflection of sound weves by those tissues. Images are especially sharp where there ere distinct 
variations in tissue density or compressfcity, such es at tissue interfaces. Interfaces between solid tissues, 

20 the skeletal system, end various organs and/or tumors are readily imaged with ultresound. 

Accordingly, in many imaging appEcations ultrasound performs suitably without use of contrast 
enhancement agents; however, for other appfcatsons, such as visualization of flowing blood in tissues, there 
heve been ongoing efforts to develop egents to provide contrast enhancement. One particularly significant 
appfication for such contrast agents is in the area of vascular imaging. Such ultrasound contrast agents 

25 could mprove imaging of flowing blood in the heart, kidneys, lungs, and other tissues. This, in turn, would 

f acState research, fiagnosb, surgery, end therapy related to the imaged tissues. A blood pool contrast agent 
would also slow imaging on the basis of blood content (e.g., tumors and inflamed tissues) and would aid in 
the visualization of the placenta and fetus by enhancing only the maternal circulation. 

A variety of ultresound contrast enhancement egents heve been proposed. The most successful 

30 agents have generaly consisted of microbubbhs that can be injected intravenously. In their simplest 
embodiment, microbubbhs ere miniature bubbles containing a gas, such as air, and are formed through the 
use of foaming agents, surfectents, or encapsulating agents. The micro bubbles" then provide a physical object 
in the flowing blood that is of e different density end e much higher compressible then the surrounding fluid 
tissue and blood. As a result, these mtcrobubUes can easily be imaged with ultrasound. 

35 However, contrast agents developed thus f er for use in ultrasound imaging have various problems. 

Contrast agents containing aqueous protein solutions require use of a foreign protein which may be antigenic 
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and potentialy tone. liposomal contrast agents, consisting of fposomes hiving gu encapsulated therein, 
present problems due to uneven size attribution end poor stabity. Many of the existing contrast agents 
have f aied to provide improved imaging, and furthermore, many of the methods used to prepare the contrast 
agents ere inefficient expensive, end otherwise unsetisf ectory. 

5 Conventional ultrasound systems work by transmitting pulses of ultrasound of e given frequency 

end measuring the time interval between this transmission and the detection of the reflected echoes from 
within the object or body being imaged. Large numbers of tmcrobubbies behave coBectivery as a large 
reflector. The system reies on measurement of reflected sound waves of the same frequency as that 
transmitted to produce the image. 

10 ft has been found to be advantageous, especialy in biological appications, to detect or image en 

ultrasound contrast agent wHe suppressing the ultrasound signal reflected by other objects such ss tissue 
end bone (see Mfams et eL, WO 91115999). The ebity to image ultrasound contrast agent bubbles in the 
blood by detecting harmonic frequencies in the echo when they ere noted by an ultrasound beam at a 
different frequency (the fundamentaO greetfy increases the sensitivity of contrast agent detection by ignoring 

15 the beckground fundementel frequency signal scattered by ether non-bubble objects in the organism, much 
Be the detection of fluorescent dyes fay their frequency-shifted ight is inherently more sensitive than the 
detection of ightebsorbing dyes by their modulation of the tonineting ight intensity. Unfke mterobrtbles, 
annul tissues return very ittJe harmonic frequencies. Thus, background imaging is substantiaSy efminated 
through harmonic imaging. 

20 As existing contrast enhancing agents end methods for ultrasound imaging hove not been found to 

be entirely satisfactory, there is a substantial need for providing an improved ultrasound contrast agent and 
method of ultrasound imaging which results in the production of improved ultrasound images. 

3W1MWT Qf m mVEHTIQH 
In accordance with one aspect of the present invention, there is provided a method of uftresonic 
25 harmonic anaging using ultrasonic energy trensmitted by an uftresonic source to an object or body to be 
raged. The method comprises introducing into the object or body a contrest agent comprising microbubbles 
hevmg generatty spherical membrenes end containing gaseous msteriel heving vepor pressure et 37°C over 
23 ton, less than about 1% wt/wt solubity/nwdbity in water, concentretion in ges phase when detected 
greater than 2% mole fraction, and a concentretion greater than 50% of its saturation concentration. At 
30 bast a portion of said object or body is then uttraiowcaty imaged. 

Preferably, the geseous materiel contained in the bubbles is selected from the group consisting of 
perftuorohexene. perfhioropentene. perftuorocyclopentene. 1,1,2-trichlorotrifluoroethene, sulfur hexefhioride, 
cyclopentone, methylene chloride, pentene and hexene. Preferebly, the concentretion in gas phase when 
detected is 25%. or 100%. In e preferred embodiment the membranes comprise s surfactant. 
35 | n accordance with another espect of the present invention, there is provided e method of uftresonic 

harmonic imaging using ultrasonic energy transmitted by an ultrasonic source to an object or body to ba 
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inaged. comprising introducing into said object er body • contrast agent comprising mkrobubbles. These 
rmcrobubMes have genereBy spherical mambranos and contain material that comprises at least 2% mole 
fraction of a gas that has a sotabfty of its iquid phase in huana at 37'C of mora than about 10% 
mote/mob and a water sofabetyjmiscMty of its iquid phase of less than about 1% wtJwt in weter at 
37°C. At least a portion of the object or body is than uftresenicaty imaged. 

In a preferred ambodiment the ges to e hydrocarbon or a fborocarfaon. Mora preferably, the gas 
is selected from the group consisting of perfluoroneiene, perfajoropentano, parfluorocydopantana. 1,1.2- 
trichbrotrifluoroethane, sulfur haufhraride. cyctopontant, methylene chloride, pentane. hexane. 
dicWoroda u oromatf a na.trichhtomc M perfluorocyclobutane. perf luoropropene. 

but one, cyctobutane, propane, methane, and ethane. 

Preferably, the membranes comprise a surfactant The surfactant is preferably fborinatad. m 
another preferred enftodanent, the materia! contained in the mkrobubbles comprises at least about 25% mole 
fraction of said gat, or about 100% mob) fraction of said gas. 

m accordance with yet another ernbodnent of the present invention, there is provided e method 
of ultrasonic harmonic nursing using oftrasonk energy transmitted by an ultrasonic source to an object or 
body to be imaged, comprising introducing into the object or body e contrast agent comprising mkrobubbles 
stabbed with at least one surfactant At bast a portion of the objeet or body is than ultrasonkally imaged. 

In a preferred ornbodenent the surfactant aril change the surface tension of weter by more than 
5 dynesfcm when the eras par mobcob of surfactant has changed by 10% as measured on a Langmuir fftn 
balance. In mother preferred entbodnant the surfactant haa a component heving a hydropltife-lipophific 
balance lau than 11. or was than or equal to 8. In yet another preferred embodiment, the surfactant has 
a component with e molecular weight over 1.000 and capable of lowering the surface tension of water to 
40 dynea/em or tower. In sti another profaned embodiment, the surfectant is capable of lowering the 
surface tension of water to 40 dynes/cm or tower and haa a critkal mkele concentration of 0.3 or less 
volume friction in water. Preferably, the surfactant is non-Newtonian. 

In accordance with stl another aspect of the present invention, in a method for ultrasonk harmonk 
anaging of an object or body eooipriting introducing into the object or body a contrast agent and transmitting 
ultrasenk energy from en ultrasonk source to the object or body and detecting rediated energy from the 
object or body, there is provided the impfovoment comprising the contrast agent being comprised of 
mkrobubbbs having the property of radbting imagoable ultrasonic energy at a frequency which is different 
from that transmitted by the ultrasonk source that is independent of the resonant frequency of the bubble. 
In thia method, the detecting step utifaes a different frequency than the transmitting step. 

In e preferred embodineot the mkrobubbles contain a gas or gas mixture, and the mkrobubblei 
are stabiied by their gas or gas mixture contents. In another preferred embodiment the mkrobubbles ere 
produced by spray drymg a iquid formulation cottoning a btocompetible rmmtbraneforming material to form 
a microsphere powder therefrom, conumuj the microspheres with e gas osmotk agent, and mixing an 
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aqueous phase with the powdtr. The powdtr substantial (fissohres in the squeous phase to form 
microbubble*. Preferably, tha microfauUta ire coated with a monolayer of surfactant 

tn accordance with yet anothar asptct of tha prasant invention, thara is provided in method for 
harmonic ultra sound inaging utifaing microbubMos, thi mprovemcnt comprising providing at laast one 
S hydrocarbon gas or floerocorbon gas in tha nicrobubbies in 1 concentration of at least 2% mole fraction. 

PETAiiw PHffiirnm qf the mwmm 

Introduction 

As ustd in the prasant description and dam, tha ttrms "vapor" and "gas" are used 
interchengeaWy. SMarty, whan referring to tha tension of dissolved gas in a iqutd, tha more f amiar term 

10 "pressure" may be used interchangeably with "tension." "Gas osmotic pressure* is more fufly defined below, 
but in e simple approximation can be thought of as the difference between the partial pressure of a gas 
inside a mkrobubMe end the pressure or tension of that gas (either in e ges phase or dbsohred in a iqtrid 
phase) outside of the microbubble, when tha microbufaMc membrane is permeable to the ges. More precisely, 
it relatee to di f f er e n ces in gas Affusion rates acme a membrane. The term "mtmbrane" is ustd to refer 

IS to tha material surrounfrg or defining a mcrobubble, whethtr it be e surfactant anothar fin forming iquid, 
or a fibn forming said or somisoU "MkrobubUes" are considered to ba bubble* having a diameter between 
about 0.5 and 300 pra, preferably having a (Barrator no mom than about 200, 100, or 50 pm, end for 
intravascular use, preferably not mora than about 10, 8, 7, 6, or 5 pm (measured as overage number 
wtighted diameter of tha microbubble composition!. Whan referring to a "gas," it wi be understood that 

20 mixtures of gasaa together having tha requisite property f al within the definition, except where the context 
otherwise requires. 

The present invention provides a method for harmonic ultrasound imaging using specially designed 
microbubMes as ultrasound contrast enhancement agents. By optimizing the ibiity of these gas bubbles to 
transform the frequency of the ultrasonic radiation to which they ere subjected (the fundamental), imaging 

25 is enhanced. 

Whan a gas bubble is exposed to high pressure ampftude ultrasound, which is not practical in 
biological systems because of cavitation and ctl tissue damage, or b exposed to low ampftude exciting 
uttrassund energy near the resonant frequency of the bubble, rt acts in a noninaar fashion. That is, the 
change m bubble volume is no longer proportional ta tha change in pressure of its surroundings. This nonfinear 

30 behavior generates components of the mediated ultrasound energy that are at frequencies other than the 
exciting frequency. See Eatock, J. Sot Actmt. Am. 77:1692 1701 (1985); da Jong et aL, Ultrasonics. 
29:324-330 (1881): and Mier, Ultrasonics, (1981). These harmonics at frequencies both above and below 
the incident frequency ere the result of the mechanics of motion for the system. At medicaBy useful 
ultrasound exciting empftudes, significant harmonics are only generated by bubbles within a narrow size range 

35 containing tha resonant diameter. For example, for a 3 megahertz excitation frequency, an air bubble in water 
with e diameter of 1.1 micron w« resonate and generate harmonics, but the amplitude of these harmonics 


10 
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wl drop by a factor of 2 for diameters only 12% difftreffl from the resonant diameter. Bubbles in this size 
range ere only a and friction of tha relatively broad tin distortion of moat mierobubblBi Ida Jong at aL. 
Ultmmks 3(H2):95-103 (1992)1 Bubbles producad with soM or samisafd shoes ^ denetured albumin 
(described in U.S. Patant No. 4.957.656; da Jong at aL, Ultmottks 30X2fc95.103 11992): and da Jong. 
5 Auatlk Pnptftms of Uhntoand Cmtnst Agtntt, Ph.0. thesis. Erasmus Umversity. Rottardam 11993)) 
exhort ncraasad damping dua to tha viscous shal and thus do not hivo tha larga radius oicursions at 
rasonanca required to produca sigmficant harmonic components in tha scattered (reredated) signiL Thus, 
the present mention advimageousrf provides for tha use of mierobubbles capable of generating harmonies 
at medkaly useful ultrasound exciting ampftodts. 

To detect tha reredated ultrasound energy generated by the mccrobobWei. the present invention 
makes use of a modified conventiooel uttrssound scenner system. The system is abb) to detect or select 
one or mere of the new frequencies, or harmonics, radiated by tha raicrobiibbles for production of the 
uttraseundknage. In other words, it detects i frequency different from the emitted frequency. Equipment 
suitable for hermonic uttrssound inaging is doclosod in WSams at eL, WO 91J15999. Many conventional 
15 ultrasound maging devices, however, utifae transducers capable of broid btndwidth operition, end the 
outgomg waveform sent ta tha transducer is software eorrtroaed. For this reason, reprogrernming to emit 
e waveform different from the one detected is wel within the level of ski in tha art 

In practicing tha present invention, the parameters of the ultrasound trensmftted it*, the frequency, 
pube duration, end rrtenstty) ean be varied occording to the particular circumstances, and the optimel 
perameters for any particular case can be raadly determined by one of ordinary ski in the ert. 

Wtda bubbles have been shown to be tha most efficient ultrasound scatterers for use in intravenous 
ultrasound contrast agents, the contrast enhancement agents of the present invention provide unexpectedly 
superior imaging; for example, dear, vivid, and distinct images of blood flowing through the heart and kidneys 
ere eeWeved. Tha present invention is particularly suited for study of blood flow, but is equoDy applicable 
to the study of other Iquids or tissues ss weS. Smel nontoxic doses can be administered in e peripheral 
nm or lymph vessel end used to enhance imegcs of el or pert of the body. Cavities or ereas within a body 
into which rmcrobuWries con be introduced ean ba imaged according to the method of the present invention. 
Thus, the present invention provides meen. for knoging a variety of body covrties and vaseulature which may 
be difficult to image using conventional techniques. 

It is not essential that the subject being imaged be an orgenic tissue. Rather, the method of tha 
present invention cm be used to knege anything contain* spaces into which the contrast agent can ba 
introduced, so long as tha material surrounding tha contrast agent is permeable to the ultrasonic radiation 
and does not itself resonete in e menner which obscures the selected harmonie of the mierobubbles and does 
not lander the resonance of the nncrobubbles. 

The method of the present invention mey use the measurement of a single received frequency, 
different from that of the frequency originally transmitted, to form a single image. Alternatively, several 


20 
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different frequencies different from that of the exciting trtqmncy ctn bt detected and used to craate multiple 
images, which can ba viawad separately or electronicafy procassad into a composite rage. 

Tha ractirad fraquaocy or frequencies can ba procassad by a variaty of methods wel known to ana 
of ordinary ski in tha art Thasa inctada, for exempt, making tha receiving transducar saiactiva toward the 
5 desired harmonic or hirmonics so that it ignoraa tha fundamental or by using software or hardware fitars 
to saparata or isolate tha v arious fraquancias. 
McrobubMa Properties 

It was surprisingly discavarad that cartain propartias of microbubbla ultrasound contrast agants can 
enhanca their abity to produce harmonics. Whie bubbles have been shown to be the most efficient 

10 ultrasound scattarers for use in intravenous ultrasound contrast agents, one practical drawback is tha 
extremely short Hetime of the smal ttypicaly leas than 5 microns diameter) bubbles reqiwtd to pess through 
caplarias in suspension. This short ifetme is caused by the increased gas pressure made the bubble, wMch 
results from tha surface tension forces acting on the bubble. This elevated internal pressure eicreesee as 
the diameter af tha bubble is reduced. The increased internal ges pressure forces the gas inside the bubble 

IS to dissolve, resulting in bubbli cetapsa as tha gas a forced into solution. The LePlece equation, AP-2rfr, 
(where AP is the increased gee pressure inside the bubble, k n the surf see tension of the bubble fftn, end 
r is the radius of the bubble) describes the pressure exerted on a gas bubble by the surrounding bubble 
surface or fibn. The laPleco pressure is inversely proportional ta tha bubble radius; thus, as the bubble 
shrinks, the LePlece pressure increases, increasing tha rate of diffusion of gas aut of the bubble and the rate 

20 of bubble shrinkage- 
It hes boon discovered that gases and gas vapor mixtures which can exsrt e gas osmotic pressure 
opposing the LePlece pressure can greatly retard the colepse of these small diameter bubbles (see U.S Patent 
Application Serial No. 08/284.081 and U.S. Patent Appfcetion Serial No. 08/099,951). Those inventions 
include use of a primary modifier ges or mixture of geses thst dilutes a gas osmotic agent to a partial 

25 pressure less than the ges osmotic agent's vspor pressure. The ga osmotic egent or agents are generally 
relatively hydrophobic and relatively bubble membrane impermeable and also further posssss the abity to 
develop gas osmotic pressures graster than 75 or 100 Torr at a relatively tow vapor pressure. The ges 
osmotic egent or agents set to regulate the osmotic pressure within the bubble. Through reguleting the 
osmotic pressure of the bubble, the gas osmotic agent (defined herein es s single or mixture of chemical 

30 entities) exerts pressure within the bubble, aiding in preventing colepse of the bubble. 

Bubbles of air saturated with selected perfluorocerbonscsn grow rather than shrink when exposed 
to sir dissolved in e iquid due to the ges osmotic pressure exerted by the perfluorocarbon vepor. The 
perf luorocarbon vapor is relatively impermeable to the bubble fin and thus remains inside the bubble. The 
air inside the bubble is dftrted by the perfkierocerbon, which acts to slow the air diffusion flux out of the 

35 bubble. This ges osmotic pressure is proportional to the concentration gradient of the perf luorocarbon vepor 
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across the bubble fin, thi concentration of sir surroumBng the bubble, and tha ratio of the bubble fin 
perms tbity to air and to perffaorocarbon. 

As discussed above* tha LaPlace pressure is inversely proportional to the bubble radius; thus, as tha 
bubble shrinks, the lattice pressure increases, increasing the rate of diffusion of gas out of the bubble and 

5 the rate of bubble shrinkage, end in seme ceses hading to the condensation and virtual disappearance of a 
gas in the bubble as the combined LaPbce and external pressures concentrate the osmotic agent untl its 
partial pressure retehts the vapor pressure of Iqtrid osmotic agent 

Conventional microbubbles that contain any single ges wi subsist in the blood for a length of time 
that depends prinariy on the arterial pressure, the bubble diameter, the membrane permeabity of the gas 

10 through the bubble's surface, the mechanical strength of the bubble's surface, the presence, absence, end 
concentration of the geses that are ortinarly present in the blood or serum, and the surf see tension present 
at the surface of the bubble (which is primariy dependent on the identity end concentration of the 
surfactants which form the bubble's surface). Each of these parameter* are interrelated, and they interact 
n tha bubble to determine the length of time that the bubble wl last in tha blood. 

15 It was surprisingly discovered that when the bubble contain! a vapor which can condense et useful 

temperatures (e^ 37*C for humans) and pressure, the change of phase, from gas or vapor to a iqutd, 
causes the volume of the bubble to change much more rapidly than the change eipected for inear systems. 
This noniraeritY results in the generation of harmonics. For this affect to be tignificsm, the vepor must be 
present in the gas phase of the bubble at a mob fraction concentration of greater than approximately 2%, 

20 and preferably et about 5%, 10%, 25%, 50%, or 100%. The vapor inside the bubble is preferably near 
saturation under tha conditions of eienunetkm, preferably et least about 50%, 75% or 100% of the 
saturation concentrerioit Thus, for microbubbles used for imaging in a human, the iquid phase of the vepor 
in the bubble must have a vapor pressure et 37°C greater than 2% of the pressure inside the bubble (one 
atmosphere phis the blood pressure of the human being examined plus the pressure ceused by the surface 

25 tension of the bubble, the LaPlaca pressure). Tha total pressure for 3 micron bubbles could reach 1.5 bar 
and thus requires the Squid phase of tha vepor in the bubble to have e vapor pressure at 37°C greater than 
approxvnataly 23 torr. Tha liquid phase of the vapor should also have a low sokibity in water, preferably 
less than 1% wt/wt. Vapors of materials such as perftuorohexane, perfkioropentana, perfluorocyctopentane, 
Freon 113, sulfur hsxefhioride, cydopentane, methylene chloride, pentane and hexane are particularly suitable. 

30 Whie condensation of a vapor dButed with other gases involves diffusion of the gas to the forming 

fin of iquid and thus requires s finite time to complete condensation, the fraction of vapor near the surface 
of the body temperature water surrounding tha bubble can condense rapidly in leu than the microsecond tone 
frame of diagnostic ultrasound. A bubble containing pure vapor, e.g., perf luoropentane, can nearly instantly 
condense much Eke the weter vepor bubbles that occur during high intensity ultrasound cavitation. These 

35 cavitation bubbles are known to produce high intensity harmonics, (see Wetsby et aL Acustica 22: 177*182 

(1969), although at biologically toxic intensities for weter vapor bubbles. 
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Tht change of phase resulting in increased harmonic generation is described above cm also occur 
whan a gas o dissolved in or adsorbed to the hydrophobic ragions of tha surfactants at the bubble surface. 
This adsorption or dissolution squBirium is affactad by tha partial prassura of tha gas inside the bubble and 
thus by tha total pressure inside the bubble. An increase in pressure applied by the exciting ultrasound beam 
5 wi shift the equBvium toward tissokition or adsorption in the surfactant layer, causing a volume change 
different from that expected from a hear system. Suitable gases ere ones that have a sohibity/rresdiity 
of their iqirid forms with hsxane, which is a model for the hydrophobic region of surfactants, of greater than 
10% mokfmole at 37°C. For gam with a boing point below 37*C, tg« butane and perfluorobutane, this 
meesurameot must be carried out at elevated pressure. The adsorbing gas should be present in the bubble 
gas phase at a concentration of more than 2% by mole frection of the gas mixture end preferably at about 
5%, 10V 25%, 50%, or 100%. The use of fhwrinated surfactants with fhtorinated gases is preferred. The 
iquid phase of the adsorbing gas should be relatively insoluble in woter, less than 1% wUwt 
selubity/miscMty. 

Previous treatments of the mechanics of bubbles excited by ultrasound traet the surf ece tension 
of the bubble as s constant wh3e the bubble expands and contracts. The surface tension et the surface of 
e smal bubble significantly effects the pressure inside the bubble es defined by the lew of LaPface wherein 
the pressure inside e buttle (above the external ambient) is inversely proportional to tha diameter of the 
bubble end proportmel to the surface tension of the surfactant f*n. For example, a 3 micron bubble with 
a surface tension of 40 dynes/square centimeter hes an internal pressure more that one quarter bar above 
its surroundings. Some surfactants are non-Newtonian, that is, their surface tension changes rapidly when 
the surfactant layer is compressed, as measured in s standard Langmuir trough. The change in surface 
tension of s surfactant flm, as the surface area is changed, is quantitatively characterized by the Surface 
Dilation Modulus. This is defined es: 


15 


20 


25 


E- 

dinA 


where E is the surf ece diation modulus. Ay » tha change in surface tension, and dlnA is the change in the 
natural log of the surface eree. The additional change in surfece tension due to the rate of area change is 
characterized by the Surfece OBational Viscosity. This is defined as: 

Adt 


40 


where Ay is the chenge in surfece tension, K is the surfece dilational viscosity, A is the area of surfactant 
fQm surface . end dAJdt is the rete of change of the surfactant film surface area (see Ademson, Physkat 
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OttiMtry ofSurfttts. 5th ed, John Wiey & Sent, Inc. New York, 1990). 

When a bubble it formed employing a non-Ntwtenien surfactant its surface tension, and therefore 
its intern tl pressure wl change as the surface am of the bubble changes in response to the exciting 
ultrasound pressures. This additional expansion and contraction in response to changes in surfsce tension 

5 leads to a mora nonfnev conpressMty and therefore the generation of e higher intensity of harmonics. 
The expending bubble increases the surface area ef the surfactant fin unti the rising turfaeo tension 
opposes further expansion. The compressing bubble, during the high pressure pert of the exciting ultrasound 
cycle, wi reduce the bubble surface area unti the surface tension abraptfy decreases, Bmrting further 
compression and distorting the sinusoidal volume change waveform, causing harmonics to be generated. 

1 0 Suitable surfactants for use in the present invention are ony surfactant or mixture, hydrocarbon or 

ffaorinated. that has a component that erii change the surface tension of water by mora than 5 dynesjem 
when the area per molecule of surfactant has changed by 10% as measured on e Lengmuir fern balance. 

Other suitable surfactants an those surfactants with a component having a hydrophie frpophic 
balance lass than 11. preferably less than or equal ta 8. 

15 High mokwdar weight surfactants (a* over 1.000) diffuse slowly compared to the neeroseeond 

timeframe of ultrasound, and thus surfactants with a component with e molecular weight over 1.000 and 
capable of towering the surface tension of water to 40 dynes/cm or tower are suitable independent of the 
above. 

Considering diffusion, sotubity and mkrosecand time scales, other suitable surfactants include sny 
20 surfactant capable of lowering the surface tension of water to 40 dynes/em or tower end hoving a CMC 
(critical mica* concentration) of 03 or tower volume fraction in water. 

Examples of surfactants for use in the present invention include undenatured human albumin, 
phosphohpids la* phosphatidyl cboine). sugar esters (e.g. sucrose steerete. sucrose distesrete. sucrose 
trateirate). btock copolymers (Ptvenfc F48. Pluronie M23), ninyl surfectants ie.g. FSK. FSC. FSO. FSN. 
25 FSt FSP. FSA, FSJ. UR. TBS) fatty adds leg. stearic acid, oleic acid) and their setts le.g. sodum steerate. 
potassium otoateL. 

With these particular operating constraints in mind, suitable mcrabubbles of the first type 
(containing e gas that partial* condenses upon bubble excursion) may advantageously comprise 
perfhioroheiene. perftooroptntana. perftoorocyctopentene. Freon 113. sulfur heiafhioride. cyclopentane. 

30 methylene chloride, hexane and puntene. 

SMarfy, sunobb microbubbtos of the second type (ges soluble in surfaetant) may edvantageously 
comprise perfluorohexene. perftooropentane. perfboroeyelopentene. Freon 113. sulfur hexefhioride. 
cyclopentane. methylene chloride, hexane, peataoa. perftoorobutana. perfhjorocyetobutane. perfluoropropane. 
Freon 12 IdKhlorodHluorometheneL Freon 11 (trtchhromonofhioromethane). butane, cyclobutane. propane. 

35 methane, end ethane. 

Bubbles that are stabibed by viscous sheas leg. denatured protein gel U.S. Patent No. 4.957.656; 
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saturated sugar solutions. U.S. Patent Nes. 5,141.738 and 4,657,758) damp the otciatkn of the bubble 
at resonance end thus prevent the terse volume excursions requred to produce harmonica (de Jong et aL. 
Unnsanks. 29:324-330 (1891); do Jong et aL. Ultruotms 30(2)45-103 (1992}; and da Jong, Acottstk 
Pro&rtm of Uttnsoand Coatrut Agtnts, PtU). thesis, Erasmus University, Rotterdom (1993)). A bubble 
5 stabized by its gas phase contents ss discussed ebove (e+, e materiel such ss e highly ftoorneted 
compound such as perfluorohexone. pert htoropemane, perfkiorobutane) requires only e monomolecular layer 
(monolayer) of surfactant to make it stable in the bloodstream long enough for practical utity (see U.S. 
Patent Appicetion Serial No. 08/284,083; U.S. Patent Appication Serial No. 08/099,951; and Quay, 
PCT/US92/07250 and PCT/US94/00422L Thus both at resoneoce end owoy from resonance, a bubble 

10 stebized by Ha gas contents and with a monolayer of surfactant on its surface, has less dampmg to 
dissipate the excttmg energy of the exciting ettraseund pressure waves and thus undergoes larger volume 
excursions to reradiate or scatter more of its energy as harmonic components at frequencies other than the 
excitation frequency. Sucrose stearate and Phrenic F-68 are two oxenylos of surfactants which coat 
rmcrobubUes with a monolayer and thus do not damp the gas/vapor stebized bubble's esclatms. 

15 With these particular parameters in mind, the particulars of construction of suitable microbubbbs 

wi be set forth beiew. 

In addition to the particularly described mkrabubbles, other nucrobubUes, such es those described 
in Quay, PCTAJS92/07250 and PCT/US84/00422, may be used, provided that the gas and/or surfactant is 
selected as described herein such that harmonic reretfiotion is sufficient for use in the present invention. 
20 MfrrtMlg QgqfflVtfM 

A. The Membrane-Forming liquid Phasa 

The external continuous iquid phase in which the bubble resides typcety includes e surfactant or 
foaming agent Surf octants suitable for use in the present invention include eny compound or composition 
that aids in the formation end maintenance of the bubble membrane by forming e layer at the interface 

25 between the phases, end heving the criteria discussed above. The foaming agent or surf octant may comprise 
a single compound or any combination of compounds, such is in the cose of co-surfactants. 

It wi be appreciated that e wide range of surfactants can be used. Indeed, vtrtoity eny surfactant 
or foaming agent (including, those sti to be developed) capable of feciteting formation of the microbubbles 
and having the properties discussed above can be used in the present invention. The optimum surfactant or 

30 foaming agent or combination thereof for e given eppication can be determined through empirical studies that 
do not require undue experimentation. Consequently, one practicing the art of the present invention should 
choose the surfactant or foaming agents or combination thereof besed upon such properties as 
biocompatijihy, solubity of gas phase in surfactant, and their non-Newtonian behavior. 

B. The Sas Phase 

35 A major aspect of the present invention is in the selection of the gas phase. As was discussed 

above, the present invention relies on the use of mkrobubbles which have the abity to generate harmonics 
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of tha origasBy ttansmitted ultrasound frequency. Such mkrebubblu can eontiin a gu or combination of 
gases to harness or cause differentials in partial pressures and to generate gas osmotic pressures which 
stehoae the bubbles. Further, the microbubblei contain materials which can change state from a gas to a 
iqind or sold at body temperature. Iganeraly from about 35.5°C to about 40'C). and at useful pressures 

5 (gentraty about 1-2 itml Alternatively, the rnicrobubbku can contain materiel which idMrtu or sohibins 
in the rrydrophobic portion of the bubble membrane aa discussed above. 

Accordingly, fluorocarbons or other compounds that are not gases at room or body temperature can 
be used, provided that they have sufficient vapor pressure, preferably at least about 10-20 Torr. and more 
preferably 30. 40, 50 or 100 Torr at body temperature, or mora preferably at least about 150 or 200 Ton. 

10 However, with the first type of rracrobobUe (condensing gas), the vapor pressure of et toast one of the 
components should be below about 900 or 1000 Torr. such that when e sufficient concentration of the ges 
is present in a bubble, the absolute pressure appied to the gas in tha bubble dining imaging exceeds the 
vapor pressure of that component divided by the fractional partial pressure provided in the bubble by that 
gas. Thus. P«< PJPfr. where P» is the ebsohrto pressure in the bubble when compressed by an ultrasound 

15 wave. P, is the vapor pressure et body temperature of the relevant geseous compound, end ? m is the partial 
pressure of thet gu eipressed is a fraction of the total gas pressure in the bubble. For eiample. if the 
pressure a the bubble is 1000 Torr (760 Torr stinositaric pressure plus 100 Torr cormiuttd by systoie 
pressure plus e momentary 140 Torr contributed by sonic compression) then e condensing gas contributing 
50% of the partial gu pressure in the bubble should have a vapor pressure at body temperature of under 

20 500 Torr. 

As suggested above, ftuorotarben gases ere particularly preferred. The term fhiorocarbon as used 
herein mcknks fiat* fluoreiated compounds (perihioroearbons) as wel es partially lluorinated 
hydrocarBonJfajorocarbon materials, all unsuhstrtuted or substituted with another halogen such as Br. CI. or 
F or another substituent. such es 0. OH. S. NO. and the like. Substsnces possessing suitable solubility 

25 and/or vapor pressure criteria include perftooroheiane. perfaioropentane. perfluorocyclopentane. 
perfkjorobutane, perftuorecyclobutsns, and perftuoropropene. 

It wi be epprecioted that one of ordinary ski in the ert ten readily determine other compounds 
that woirid perform suitably in the present invention thet do not meet both the sohibity and vapor pressure 
criteria, described above. Rather, it wi be understood that certain compounds can be considered outside 

30 the preferred range si either sotubity or vapor pressure, if such compounds compensate for the aberration 
at the other category and provide a superior msdutiEty in water or high vepor pressure or affinity to dissolve 
in the surfactant used. 

ft should also be noted thet for medical uses, the gasu should be Wocompatibte or not be 
ptrysiologicsly deleterious. Ultimate, the mierobubblu containing the gu phase will decay and the gu 
35 phase wi be reteesed into the blood either u e dissolved gu or u submieron droplets of the condensed 
liquid. It wi be understood that gun wi primarily be removed from the body through lung respiration or 
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through e combination of respiration and othar mataboic pathways in tha rsticulocndotheial system. 
Other Components 

It wi ba understood that othar components can ba included in tha microbubbJe formulations of tha 
present invention. For example, osmotic agents, stabiaa chelators, buffers, viscosity modulators, air 
5 soJuHfty modifiers, salts, and sugars can ba addad to fina tuna tha mcrobubMe suspensions for maximum 
Bf a and contrast enhancement effectiveness. Such considarations ss sterity, isotonicity, and bwecmpstiity 
may govern tha use of such conventional additives to injectable compositions. The use of such sgents wi 
be understood to these of ordinary ski in the art end the specific quantities, ratios, and types of agents can 
be detemaned erapiricely without undue experiment atk) a. 

10 Formation of the yfernhuhhloe of the Present liwutiniL 

There ere e veriety of methods which can be used to prepare microbubbles in accordance with the 
present invention. Rehydration of spray dried holow microspheres is preferred. Sonication is else s preferred 
method for the formation of microbubbles, Lo* through an ultrasound transmitting septum or by penetrating 
e septum with en ultrasound probe including en uttrasonkaly nbreting hypodermic needh. However, it wi 

15 be appreciated that a variety of other techniques exist for bubble formation. For exompie, gas injection 
techniques can ba used, such ss vesturi gee injection. 

Other methods for forming microbubbles include formation of particulate microspheres through the 
ultresonicetion of atoumm or other protein as described in Europeen Patent Appicetkm 0,359,246 by 
Molecular Bwsystema, Inc^ the use of tensides and viscosity increasing agents ss described in U.S. Potent 

20 No. 4,448,442; fipid coated, non-iposomal, microbubbles ss is described in U.S. Potent No. 4,684,479; 

liposomes having entrapped geses es is described in U.S. Potent Nos. 5,088,499 and 5,123,414; and the 
use of denatured albumin particulate microspheres as is described in U.S. Potent No. 4,718,433. 

Sonication can be eccompished in e number of ways. For example, e vial containing a surfactant 
solution and gee in the heedspsco of the vial can be soniceted through e thin membrane. Preferably, the 

25 mem brane is lose then about 0.5 or 0.4 mm thick, and more preferably less then ebout 0.3 or even 0.2 mm 
thick, Ll, thinner then the wavelength of ultrasound m the material in order to provide eccaptable 
transmission end minimize membrane hooting. The membrane can be made of materials such as rubber. 
Teflon, myter, urethene, ebmimzed fin, or any other somcafty transparent synthetic or natural polymer fin 
or fin forming meterieL The sonicetion can be done by contacting or even depressing the membrane with 

30 en ultrasonic probe or with e focused ultrasound •beent' The ultrasonic probe can be disposable, (neither 
event the probe cm be pieced against or inserted through the membrane end into the Squid. Once the 
sonication is sccompbshad, tha mkrobubble solution csn be withdrawn from the vial and defivered to the 
petient 

Sonicetion con also ba done within e syringe with e low power uttrasonicaiy vibrated aspirating 
35 assembly on the syringe, simiar to an inkjet primer. Aba, s syringe or vial may be pieced in end sonicated 
within a low power ultrasonic bath that focuses its energy it e point within the conteiner. 


96/09793 PCTAJS95/12245 

•13- 

Other typts of mschanieal formation of msrobubbles an also contemplated. For example, bubbles 
can be formed with e mechanical high shear valve lor double syringe needle) end two syringes, or en 
osprater assembly on a syrnge. Even simple shaking may be used. The shrinking bubble techniques 
described rarer era particularly suitable for mechamcah/ formed bubbles, hairing tower energy input then 
sonicated bubbles. Such bubbles wi typealy hate a diameter much larger than the ultimately desired 
biocompatible imaging agent but can be made to shrink to en appropriate aba by the toss of non-osmotic 
gam thus concentrating the osmotic agent to near saturation. 

In onother method. rnimeubbJes can be formed through the use of a liquid osmotic agent emulsion 
supersaturated with a ntodrfier gaa at etoteted pressure introduced into a surf actent solution. This production 
method works saribriy to the opening of sods pep. where the gas foams upon release of pressure, forming 
the bubbles. 

m another method, bubbles cm be formed santar to the foaming of shaving cream, using 
perfsjorebutons. f run. or Mother fka material that teas when pressure is reamed. However, in this method 
it is anperative that the emiAmed fcnjid bois at sufficiently tow temperatures or thet it contain numerous 
bubble nudeation sites so as to prevent superheating end superseturatioo of the equeons phase. This 
supersatiaition wl lead to the generation of a smal number of large bubbles on e imted number of 
nudeation sites rather than the desM large number of smal bubbles (one for eoch droplet). 

In stl another method, dry *oid*offiaMng particles or other structures (such u hoaow spheres or 
honeycombs) that rapidly dissolve or hydrate, preferably in an aqueous solution, a*., albumin, rrocrof toe suger 
crystals, hofiow spray dried sugar, salts, hoaow surfactant spheres, dried porous polymer spheres, dried 
porous hyaluronic acid, or substituted byetororue acid spheres, or even commercially ovelable dried lactose 
microspheres can be used to form the rrticrobubbtos of the present invention. 

For example, a spray dried surfactant solution can be formulated by atonwing a surfactent sokition 
into a heated ges suck as eir. carbon dioiide. nitrogen, or the ike to obtain dried MO micron or larger 
hoaow or porous spheres, which are packaged in a viol fiBed with en osmotic gee or a desired ges mature 
•s deserted herein. The gas wi diffuse into the voids of the spheres. Oiffuaaon can be eided by pressure 
or vacuum eyeing. When raconsttartad with a stork solution the spheres wl rapidly dissolve end leeve 
osmotic gas stebitad bubbles in the vial to addition, the tachsion of starch or deitrtos. e suger polyester 
andfor an inflating agent such as methylene chloride. 1.1.2-trichlorotrifhioroathait. (Freon 113. EM Science. 
Gmbstown. NJ) or nerftooroheiana. wi result in imcrobubbles with an increesed » mo helf * e. Perticulerly 
prof errad stereo., for us. in formation of mierobubbto. indude those with . molecular weight of greater than 
about 500.000 dattona or a dostroso equivalancy (OB value of leu then ebout 12. The DE veto, is a 
quantitative measuremwt of the degree of sweh polymer hydrolysis. It is . measure of reducing power 
compwed to . dextrose «ta«derd of 100. The higher the DE veto., the greeter the extent of starch 
hydrolysis. Such preferred starches tootudo food grade vegetable sterches of the type commercially available 
in the food industry, including those sold under the trademark, N IOK and CAPSULE by National Starch end 
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Chemical Co., (Bridtfowater, NJfc derivotized starches, such as hydroxyethyl starch (avalable under the 
trademarks HETASTAHCH and HESPAN from du Pom Pharmoceutkab) IM-Hydroxyethylstarch, Apnimoto, 
Tokyo, Japan). (Note that short chain starches spray dry wel and can ba used to produce mkrobubbles, 
but ere not preferred because these with a molecular weight less than about 500.000 do not stabfeo the 

S mkrobuhblea. However, they can be used in the present invention in sppicotsons tn which additional 
stabfeatkn is not require!) In the alternative, e lyopHoed cake of surfactant and bulring reagents produced 
with a fine pore structure can be placed in a vial with a sterib sokitioo end a heed spaced with an osmotic 
gas mature. The solution can ba fraxea rapidfr to produce a fine ice crystal structure end, therefore, upon 
tyophfizatioo produces fine pores (voids where the ice crystals were removed). 

10 Alternatively, any dnsohrsUe or soluble void-forming structures may be used. In this embodiment 

where the void*forming material is net made from or does not contain surfactant both surfactant and fquid 
ere suppled into the container with the structures and the desired gas or gases. Upon rsconstitutton these 
voids trep the osmotic ges end, with the dissolution of the sold coke, form mkrobubbles with the gas or 
gases in them. 

15 The mkrobuhbbs for use in the present invention can ba formed using a container enclosing the 

ges or gases described above for forming the mkrobubbles, the Iquid, end the surfactant The container can 
contain el of the sterib dry components, and the ges, in one chamber, with the sterile aqueous iquad in a 
second chomber of the same container. Suitable twtchamber vial containers ere evaileble, for example, 
under the trademarks WHEATON RS177FLW or S-1702FL from Wheaton Glass Co., (Mfflvlle, NJ). 

20 Alternatively, an inverted two-chamber vial may be used for mkrobubbb preparation. One edvantage 

associated with this method of microbubble formation is that the aqueous phsse can be instilled first and 
sterilized vie autoclaving or other moons, felowed by initiation of the sprey dried microspheres. This wi 
prevent potential microbial growth in the aqueous phase prior to starvation. 

Other suitable devices are known end are commerctely available. For example, a two compartment 

25 glass syringe such as the B-D HYPAK Liquid/Dry 5+5 ml Duel Chamber profiled syringe system IBecton 
Dickinson, Frenkin Lakes, NJ; descried in U. S. Patent 4,813,326) can advantageously be used to 
reconstitute the sprey dried powder. 

It can be appreciated by one of ordinary ski in the art that other two-chamber reconstitute 
systems capable of combining the sprey dried powder with the aqueous solution in a sterile manner are also 

30 within the scope of the present invention. In such systems, it is particularly adventegeous if the aqueous 
phsse cen be interposed between the weter-msotuble osmotic gas and the environment, to increase shelf fife 
of the product. 

Alternatively, the container cen contain the void forming material and the gas or gases, and the 
surfactant end Iquid cen be edded to form the mkrobubbles. In one embodiment, the surfactant can be 
35 present with the other materials in the container, so that only the Squid needs to be added in order to form 

the mkrobubbles. Where e material necessary for forming the mkrobubbles is not already present in the 
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contoiner. it cm be packaged with the othv components of i kit preferably in i form or container adaptid 
to fatiftate ready cotnbinition with the other components of the kit 

The container used in the kit may be of the type deserted elsewhere herein. In one embodiment 
the container is a comwrtional septum-seeled viaL In another, ft has a moons for directing or permitting 
ippkation of sufficient bubble forming energy into the contents of the container. This mains can comprise, 
for example, the thai web or sheet described previously. 

The ndDsan of the surfactants end wetting scents into the shel of the microsphere slows the 
use of a lower surfactant concentration. Aa the microsphere she! is dissolving, it temporarly surrounds the 
imcrobubbla formed at its aittrior with a bytr of equeoos phase that is setureted with the surfsctents. 
enhancing thai (tapositioa en the mcrobubble's surface. Thus, spray-dried surf ectent cantoning nicrospheres 
require only bcaty high coneaatrttioos of surfactant and obviate the need for e high surfactant 
concentration in the entire aqueous phase. 

'nwmiw MBthBdatoov 

Any of the newohubbai pi ep a i etioiu of the present invention may be edministered to a vertebrete. 
such as e bird or e raarnmai. es s contrast agent for urtrasorricaly imaging portions of the vertebrete. 
Preferably, the vertebrate is a human, and the portion that is imaged is the vostulatura of the vertebrate. 
In this ernbodknem. a smal quantity of mkrooabbhs le*. 0.1 mWCg besad on the body weight of the 
vertebrate) is tatreducad rtrmscutarty into the ammaL Other quantities of rmcrobobbles. such ss from sbout 
0.005 mVKg to about 1.0 mi/Kg. can also be used. The heert arteries, veins, end organs rich in blood, such 
as ever end kidneys can be ottrasonicaly imaged with this tKlunque. Asswwng that the uhresound imaging 
mschaie is set to image et e pertienler frequency, the outgoing weveform supplied to the sonic trensducer 
can be e numerical fraction of the snaging frequency to* 1/2. 2/3. 1/3. and the ike) or e whole number 
or frectionei muhiple of the imaging frequency le*. 2. 3/2. 3. 4. and the like). With any particular 
combmotion of imootaiWrfe composition and excitetien frequency, certain harmonics wil be dominant The 
second harmonic is a common example. Those strongest harmonics ere preferred for obvious reasons, 
although other harmonics may be selected for reasons such is preperetion of multiple imoges or eliminetion 
of badtground. Demount hormones csn be determined by simple empirical testing of the microbubble 
solution. 

The foregoing desertion wi be more fuBy understood with reference to the following Examples. 
Such Exomplos. ere. however, exemplary of preferred methods of practicing the present invention end ere not 
limiting of the scope of the invention or the ctekns eppended hereto. 

Emmote 1 

pfniffiM of Ur tTMiumd Contrail *g«"t Thrnimh Somcatwn 
Microbubbbn with en average number weighted size of 5 microns were prepared by sonication of 
en isotonic equeous phase contesting 2% Phrenic F-68 end 1% sucrose steerate es surfectents. air es a 
modifier gas and perfluorohexane st a concentration near saturition it 37°C. 
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1.3 ml of a strife water solution containing QJ)% NiCl 2% Ruronic F-68 and 1% sucrose stearate 
was added to a 2.0 ml viaL The vial had a remaining head space of 0.7 ml initialy containing air. Air 
saturated with psrfkiorohexono vapor (220 ton of perfboroheiane with 540 torr of air) at 25°C was used 
to flush the heedspece of the viaL The vial was sealed with e thin 022 mm peh/tetrathwroethyiene (PTFE) 

5 septum. The vial wu turned horizontely, and a 1/8" 13 mm) sonication probe attached to e 50 watt 
somcator model VC50. eveleble from Senics & Material wu pressed gently egeinst tha septum. In this 
position, the septum separates the probe from the solution. Power was then eppied to the probe and the 
solution wu sonicated for 15 seconds, forming e white solution of finely divided microbubUei having an 
everege number weighted size of 5 microns u measured by Horiba LA-700 laser ight scattering particle 

10 analyzer. 

bassakl 

Use nf Sonicated Contrast Aoent 
Two rabbits were injected with doses ranging from 0.1 to 0.3 ml of contrast agent prepered 
accordmg to Eiample 1 for e total of 5 injections per rabbit The rabbits were then imaged with an 

15 axptrvnental ultrasound instrument at the UnivenitY of Toronto, Sunnybrook Heelth Science Center, 2075 
Beyview Avenue, North York, Ontario, Canada. This instrument wit capable of imaging in normal gray-scale 
end Ooppier modu es wel u harmonic enhanced grey-scale end Doppler modes. Images of the heart, 
interior vena cava, aorta, kidneys end Ivor were uamined. bnagn of the rebbit were greatly enhanced when 
this controst agent wu injected whle imaging in the harmonic enhenced modes. SmaO vesuls were clearly 

20 vtsirie after contrast injection, whle the nonvascular clutter signals were greetly reduced. This enhancement 
luted approiiraately 2 to 3 minutes. The enhenced image wes the result of the contrast agent generating 
superior harmonic uttrosound signals. 

25 Snrav Dried Ultreiound Contrast Aoent 

One iter of each of the fofcwing solutions wu prepered with water for injection: Solution A 
containng 4.0% wjv N-lok vegeteble starch (National Starch end Chemical Co. Bridgeweter, NJ) and 1.9% 
wfv sodium chloride (Mtfnckrodt St Louis, M0) end Solution B containing 10% Superomc F-68 (Serva. 
Hetdefeerg, Germany) and 2.0% w/v Ryoto Sucrose Steerate S-1670 (Mrtsubishi-Kasei Food Corp., Tokyo. 

30 Japan!. Solution B wu edded to e high sheer miier end cooled n an ice bath. A coarse suspension of 40 
ml 1 J f 2 trichloretr»luoroethane (Freon 113; EM Science, Gibstown, NJ) wes made in the 1 liter of solution 
B. This suspension wes emulsified using s Microftuidtzer (Mkrofkiidics Corporation, Newton, MA; model M- 
11QF) at 10,000 psi, 5°C for 5 pause. The resulting emulsion wes added to solution A to produce the 
following formula for spray drying: 
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2.0% wfv m-HES hydroxyethybtarch (Apnimoto, Tokyo, Japan) 
2.0% w/v sodium chlohda (Mainckrodt) 
0.87% sofium phosphate, ffibasic (Mainckrodt) 
0.26% sodktm phosphata # monobasic (Malnckrodt) 
5 1.7% wfv Superonk F-68 (Serve) 

0.3% w/v Sucroso Staarato S-1670 (Mitsubishi-Kasei Food Corp.) 
0.1% w/v Sucroso Stttrato S-570 (Mitsubishi-Kasei Food Corp.) 
4.0% wfv 1J t 2 trichiorotriiluorofthafla(FrtQn 113; EM Scianca) 

10 This emulsion was thtn spray driad in a Niro Atomim Portehie Spray Dryer equipped with a two 

fluid atomizer (Niro Atomizer, Copenhagen, Denmark) employing the foBowing settings 


15 hot air flow rata - 38.5 CFM 

inlet air tamp. - 255'C 
outlet air tamp. - 1Q9*C 
atomizer air flow - 110 iter s/min 
emulsion feed rata - 1 fterfhr 

20 

Tht dry, hokw spherical product had a diameter between about 1 //M and about 15 iM and was 
collected at the cyclone saparttor as is standard for this dryar. Afiquots of powder (250 mg) were weighed 
25 into 10 ml tubing via*, sparged with psrfluorohttene-satwatednitrogen (2 mg pert kwrohexana per ml of gas) 
at 13°C and sealed. The nitrogen wes saturated with perfluoroheiane by passing, it through three 
perfluorohexone filled gas weshing bottles immersed in a 13°C water bath. 

The vials were reconstituted for injection with 5 ml water to 400 mg of spray dried powder after 
inserting an 18-gauge needle as a vent to refirn pressure as the water was injected. 
30 £*Miole 4 

tin of Formy fr 1 Sm av Dried 

WttMHltf CpntTMt An,nt 
A 1 ml injection of the contrast agent prepered as described in Example 3 was administered to two 

rabbits. The rabbits ware then imaged es deserted in Example 2 ebove, 

35 The formula enhanced the hermonic signal generated by the microbubbtes. The Formula #1 spray 

dried contrast agent produced greater enhancement then the sonicated contrast agent described in Exemple 
1 above, and this enhancement lasted for approximately 4 minutes. This improved harmonic response and 
persistence are the results of a more optknetty chosen non-Wewtonian surfactant system. The formula 
demonstrated that a condensable vapor, an absorbable vapor, a non-Newtonian surfactant and a f luorocarbon 

40 vapor stabized monolayer surfactent bubble, generete enhenced harmonics for superior m mo imaging. 
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Preparation of Focmda 2 

Sew Prin) tf^wOTi cmirin towt 

Om iter of etch of the following sokitions was prepared with water for injection: Solution A 
5 com mng 4.0% wfv N-Lok vegetable starch (National Starch and Chamicai Co. Bridgewater, NJ) and 1 J% 
w/v sodium chloride (Mainckredt St Low MO) tnd Solution B containing 2.0% Superonic F 68 (Serva, 
Heidefeerg, Germany) and 10% wfv Ryoto Sucroaa Staarata S-1670 (Mhtabohi-Kasai Food Corp. Tokyo. 
Japan). Solution B was addad to a high Aear motor and cooled in an ica bath. A coarsa suspension of 40 
ml 1,1,24rieMorotrifiuoroethene (Fraoo 113; EM Science, Giibstown, NJ) wis mada in the 1 iter of solution 
10 B. This suspension was emulsified using e Mfcrofttdoer (Mkrofkudks Corporation, Newton, MA; model M- 
110F) et 10,000 psi, 5°C for 5 passes. The resulting emulsion wss added to solution A to produce the 
f olowing formula for spray drying: 

15 

2.0% wfv m-HES hydroxyetbyisterch (Ajmimoto. Tokyo, Japan) 
3.0% whr sodium chtoride (Mainckrodt) 
1.7% wfv Superenk F-88 (Serve) 

(12% wfv Sucrose Stearate S-1670 (Mitsebtshi-Kasei Food Corp.) 
20 0*1% wfv Sucrose Stearate S-570 (Mhsubishi-Kssei Food Corp.) 

4.0% wfv 1,1,2-trichlorotrifluor oe thene (Freon 113; EM Science) 

25 This emission was then spray dried in e Niro Atomizer Portable Spray Dryer equipped with a two 

fluid atomizer (Niro Atomizer, Copenhagen, Denmerk) employing the fotowmg settings: 


30 hot air flow rate - 38.5 CFM 

inlet eir temp. - 220°C 
outlet eir temp. - 103*C 
etomizer eir flow - llOftersimin 
emulsion teed rete - 1 iterfhr 

35 

The dry, holow spherical product had a diameter between about 1 iM and about 15 ;/M and 
wu cottected at the cyclone seperetor as is stsndard for this dryer. Afiquots of powder (250 mg) were 
40 weighed into 10 ml tubing vials, sparged with perfboroheiane-saturated nitrogen (2 mg perfluorohexane 
per ml of ges) at 13°C and seeled. The nitrogen was saturated with perfhioroheieneby passing it through 
three perfluorohexane tied ges washing bottles immersed in • 13°C water bath. 

The villi were reconstituted for injection with 5 ml water to 350 mg of sprey dried powder after 
inserting an 18-gauge needle as a vent to relieve pressure as the water was injected. 
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1&BS1L& 
Um at Formal 2 Snrov Dried 

Ultrasound Contrast Anent 
Two 1 ml npctkns of tht contrast agent described in Example 5 was administerad to two 
5 rabbits, The ftbbitt wan than imaged as described in Example 2 above. 

Tha formula enhanced tba harmonic signal generated by the imerobubbles. The Formula 12 spray 
dried contrast agent produced greater enheneement than tha aonkated contrast agent descried in Example 
1 above and tha Formula II spray dried contrast agent described in Example 3, and this enhancement 
lasted for ipprorimateh/ S minute*. TMs improved harmonic response and persistence are the results of 
10 an enproved surfactant forrnutstkn. Tba formula again demonstrated that a condenseble vapor, an 
absorbable vapor, a non-Nawtoniafl surfactant and a fhiorocarbon vapor stabized monolayer surfactant 
bubble, generate enhanced harmonics for suptrior in mo imaging. 

Eiamata 7 
frtT^w of Formula 3 
15 fr™ Dried UhrasfMitd Cmtrast Aoant 

One her of each of tha fokwing sohitlona was prapared with water for injection: Solution A 
containing 4.0% wfv rUok vtgatibki starch (National Starch and Chemical Co.. Bridgewater. NJ) and 1.9% 
wfv sodium eNoride (Mafcckrodt St lows. HO) and Soaraoa B containing 2.0% Superonk F-68 (Serve. 
Hehjebiarg. Germany) and 2.0% wfv Ryoto Sucrose Steerate S-1670 WsubisnMCasei Food Corp. Tokyo. 
20 Jtpm). Solution B was added to a high shear rnoar and cooled in en ice both. A coarse suspension of 
40 ml 1,1.2 tricnlorotrHluoroethene (Fraon 113; EM Science. Sibbstown. NJ) was made in the 1 liter of 
solution B. This suspension was emulsified using a Microf hiidoer (Microfluidics Corporation. Nawton. MA; 
model M110F) at 10.000 psi. 5'C for 5 passes. The resulting emulsion was added to solution A to 
produce the following formula for spray drying: 


25 


30 


35 


18% wfv m-HES hydroiyethybtarch (Apnimoto. Tokyo, Japan) 
3.25% wfv sodium chloride (Mainckrodt) 
2.83% sodinm phosphate, dibasic (Makmckrodt) 
0.42% sodium phosphate, monobasic (Mafnekrodt) 
2.11% wN Sup*ronie F-68 (Sorva) 

0.32% wfv Sucrose Steerate S-1670 (Mrtsubishi-Kasai Food Corp.) 
o!lB% w/v Sucrose Sttarate S-570 (Mhsutrishi-Kasei Food Corp.) 
3.0% wfv 1,l.2 trkhlorotrifluoroothane(Freon 113; EM Science) 


This emulsion was then spray dried in a Niro Atomizer Portable Spray Oryer equipped with a two 
40 fluid atomizer (Nko Atorwer. Copenhagen. Denmark) employing tha fotowing settings: 
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hot air flow rati - 31 CFM 
inJtt air temp. - 370 # C 
outlrt air ttmp. - 120*C 
etomizer air flow - 280 Ettrs/mm 
tmuUoQ fatd rata - 1.5 iterator 

The dry, holm spherical product htd a diameter between about 1 |/M and about 15 j/M and 
wu colactad at tha cyclone separator u it standard for this dryer. Aiquou of powder (250 mg) were 
weighed into 10 ml tubing vials, sparged with perfhiorehuano-saturated nitrogen (2 mg perfkioroheiane 
per ml of gas) at 13*C and seeled. The nitrogen was saturated with perfborohsxana by passing it through 
thru perfluorohaxane fled gas washing bottles immersed in a 13°C water bath. 

The vials were reconstituted for injection with 5 ml water to 1 00 mg of spray dried powdar after 
inserting en IB-gouga needle u a vent to reieve pressure as the water was injected. 

Example fl 
Use of Formula 3 Sara* Dried 
Ultrasound Contrast Aoent 

An anesthetized (tog weighing approiimotely 20 Kg wu prepared for examination at the Mayo 
CMc 200 first Street Southwest Rochester. Minnesota, with an experiments ultrasound imaging 
instrument capable of imagng in normal gray-stale end Doppiar modes, as wal as harmonic anhenced gray- 
scale and Doppiar modes. Tin instrument wu designed independently from the one used.in the examples 
above. The heart of the dog wes imaged in el modes before and after infection of 0.5 ml 1.5 ml and 2 
ml doses of the microfaubble ultrasound contrast agent described in Example 7. 

The harmonic enhanced mode images were for superior to the normal mode imsgu in defining the 
motions of the heart wal the volume of the chambers, and visuaizing the contrast agent perfusing the 
heart muscle. Individual perforator vassals in the septum of the heart ware observed. The contrast had 
a useful ifetime in the Mood of approximately 5 minutes. 

The experiments described above demonstrate the enhanced harmonic generation of a mkrobubble 
contrast agent thet (1) contains perfborohexane with a vapor pressure at 37°C over 23 ton. less than 1% 
wtjwt sohibfty in water, and present at a concentration in the gas greater than 2% mole fraction and 
above 50% of its saturation concentration that enhances harmonic generation by condensation; that (2) 
contains gu with more than 2% mole fraction of perfborohexane that (a) has a sohjbffity of its fiquid 
phase in haxene at 37*C of more than 10% mole/mole end (b) has e solubity of its liquid phase in water 
of less than 1% wtjwt at 37°C, and therefore enhances harmonic generation by adsorbing/dissolving m 
the surfactant layer; that (3) contains a non-Newtonian surfactant that enhances harmonic generation; or 
that (4) contains mkrobubbiu stabbed by perfborohexane. a gu osmotic agent, and a monolayer of 
surfactant that enbancu harmonic generation. 
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Use of Sonicated Ultrasound Contrast Aoont 
A microbubble contrast agent is praparad by sanitation as in Eismpla 1 abova except that the 
atmospbare in tha vial prior to wnkation (and therefore tha gas in the mkrobubbles) is 100% 
5 perfkiorobutene and tha solution in tha sonicated vial is 0.9% saina plus 3% Huron* F-6B (a Newtonian 

water soluble surfactant that demonstrates only smal changes in surf see tension when the monolayer is 
compressed). 

A rabbit b imaged as in Example 2 ebove efter injecting 0.3 mi of this contrast agent. While the 
vascular persistence end harmonic generation of this preparation are not optimal higher levels of harmonic 
10 enhancement are echieved, relative to air fled microbufablcs, because of the abity of perfluorobutane to 
dissolve in or adsorb to the hydrophobic region of the Phironic F B8 monolayer. This is btcausa 
perfborobutono has a sokjbRy in heune af greater than 10% moic/moJo and e water solubftty of less 
than 1% wt/wt In addition, the bubbles ere staMoed by their gas contents and have a monolayer of 
surfactant 

15 hlfTOli 1Q 

Uaa of Sonicated Uhremund Contrast Aoant 
Tha contrast agent described in Example 9 is mode with bubbles containing nitrogen satursted 
with perfluorohexene at 13°C. Rabbits are imaged using the contrast sgent es described above. The 
harmonic enhancement of this formulation is better than in Example 9 beceuso, in addition to the adsorption 
20 and gas stabfaed monolayer effects described in Exsmple 9, the perfluorohexane can condense when 
excited, e.g. it is present in more than 2% mole fraction of the gas phase and at a concentration above 
50% of its saturation concentration, is leu than 1% wtjwt. soluble in water, and hes a vapor pressure 
at 37°C over 23 ton. 

E'smnlo 11 

25 Use of Ultrasound Contrast Aoant 

Containing Agnifi w-Coatad Mtcrobubbles 
The commercial ivaiable mtcrobubble preparation Albunex (Molecular Biosystems inc., San Oiego, 
CA) is prepared employing nitrogen saturated with perfluorohexene et 13°C es the gas mixture present 
during the formetioo of the bubbles by sonicetion according to the method described in U.S. Patent No. 
30 4.957,858. This contrest agent is injected into a rabbit and frigid as in Example 2 above. Even though 
this agent is damped by many layers of efcumin surfectant and does not contein a non-Newtonian 
surfactant, its harmonic enhancement is increesed by the presence of perfluorohexene which win condense 
and adsorb during eicitation, producing enhanced ultrasound images. 


35 
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Use of Ultrasound Ccmtmt Acu t Continro Fkiorinattd 
Surf wttnt With Lknrid Perfluortmontana Emulsions 
A perflucropentene emulsion is prepared according to the method disclosed h Exemple 42 of Quay, 
5 PCT ippfcation nutnbtr PCTJUS94/00421 Tht emulsion b sdministered to a rabbit which is inaged as 
deserted in Example 2 above, employing harmonic enhancad modes. Upon injection, this perfluoropentano 
emulsion bob et the body temperature of the rabbit to form microbubbles containing approximately 100% 
perffaoropentano ges. This gas wi condense under excitation as described in the foregoing disclosure, 
generating enhancad harmonic signals. 
10 The solubity of por fluor opo n tono in weter and hexane meet the criteria above for adsorption in 

the surfactant layer of the mcrobubUa, generating enhanced harmonic signals. This preparation also 
contains Zonyl FSO surfactant e fluorinated n on Ne wt onian surfactant, whose surf set tension changes 
rapidly when the monoleyer is compressed, generating enhanced harmonic signals. The surf octant mixture 
employed in the contrast agent (Phrenic M23 and Zonyl FSO) is one that forma monolayers on bubbles 
15 and the bubble a stabSzed by its gas contents, therefore avoiding damping of the volume osculations of 
the bubble when exerted, end resulting in enhanced harmonic signal generation. 

The foregoing description deteis certain preferred embotiments of the present invention end 
describes the best mode eontempteted. It wi be apprecsoted, however, that no matter how detailed the 
foregoing appears in text the invention can be practiced in many ways and the invention should be 
20 construed in accordance with the appended Claims and eny eguhrelents thereof. 
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WffllT IS CLAIMED 18: 

1. A method of ultrasonic humooe imaging using utUMonic energy transmitted by en 

ultrasonic source to an object or body to bt imaged, comprising: 

introducing irto said object or body a contrast agent comprising microbubblas having 
genaraly ipharical merabunas and comamg gaseous malarial having vapor pressure at 37"C 
ovar 23 ten. lass than about 1% wtJwt sotabityfrmscfcity in weter. concentration in gas phase 
when detected greater than 2% mole fraction, end a concentration greater than 50% of its 
saturation concentration; and 

ottfasonkafly imagim) at least e portion of said object or body. 
1 The method of CUm 1. wherein said materiel a selected from the group consisting of 

perfborohexene. pirihjcroptntsne.ptriluoroeyctops n !«i, LU-trichlorotrifhoroethene, sulfur heiefluoride. 

cydopentene. methyltne chloride, pentane tnd heiane. 

3. The method of CUn 1, wherein said concentration is 25%. 

4. The method of Claire 1. wherein said concentration is 100%. 

5. The method of Claim 1, wherein said rntmbranes comprise i surfietent 

6. A method of ultrasonic harmonic imaging using ultrasonic energy transmitted by an 
ultrasonic source to en object or body to be imaged, comprising: 

introdacing into said object or body e contrest egent comprising rmcrobubbtos having 
generally spherical rnembranas and corteMng material that comprises at leest 2% mole fraction 
of a gas that has a sokibity of its equid phase in heiane at 37»C of more than about 10% 
moMmete and a water sohAityhnisci^ of its kquid phase of less than about 1% wtJwt. in 

water at 37*C; and 

unrasonicaBy magrtg at least a portion of said object or body. 

7. The method of Clasn 6. wherein said gas is s hydrocarbon or a f luoroearbon. 

8. The method of Claim 8. wherein seid gas is selected from the group consisting of 
perftuoroheaane. perftaoropentene. p«fbjorocyctop.mtne. I.U.trichtorotrifluorwth.ne. sulfur hei.f hioride. 
cyctooentane. methylene chloride, penttne. heiane. dichtorodiftwomethane. trichlor«nonofluoromethan.. 
p.rtborobutene.pwfnjorocyclobut.ne.^ ^butene. propane, methane, and ethane. 

g. The method of Clain 6, whartin sau! membranes compns. a surtsctint 

10. The method of Ctaw 9. wherein seid surfectent is fluorinated. 

11. The method of Claim 6, wherein said mater* comprises at least about 25% mole 

fraction of said gas. 

12. The method of Clean 6. wherein said material comprises about 100% mote fractmn of 

said gas. 

13. A method of ultrasonic harmonic imaging using ultrasonic energy transmrtted by an 
ultrasonic source to en object or body to be imaged, comprising: 
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introducing into said object or body a contrast agent comprising microbubMes stabifeed 
with at laast ona surfactant said stsbized microbubbles generating harmonics with an efficiency 
greater than a fraa air bubble; and 

uftrasotricaly imaging at laast a portion of said ohjsct or body. 
5 14. Tha mathod of Claim 13, wham said surfactant wi changa tha surfaca tension of 

watar by mm than 5 dynts/cm whan tha araa par mokcub of surfactant has changad by 10% as 
measured on a Langmuir fflm bataaca. 

15. Tha mathod of Clean 13, wharain said surfactant has a component having a hydrophic- 
fipophic balanca las than 1 1. 
10 16. Tha mathod of Claan 15, wham said bydropMfc-fpophlc balanca is lass than or equal 

to 8. 

17. Tha mathod of Claim 13, wharain said surfactant has a component with a molecular 
weight over 1,000 and capable of towering tha surfaca tension of watar to 40 dynes/cm or lower. 

18. The mathod of Claim 13. wharain said surfactant is capable of lowering the surfeca 
15 tension of watar to 40 dynes/cm or lower end has a critical miceb concentration of OJ or less volume 

fraction m water. 

19. Tha mathod of Claim 13, wherein said surfactant is non-Newtonian. 

20. In a mathod for ultrasonic harmonic imaging of an object or body comprising introducing 
into said object or body a contrast agent end transmitting ultrasonic energy from an ultrasonic source to 

20 said object or body and detecting radiated energy from said object or body, the improvement comprising: 
said contrast agent comprising mtcrobubbles having the property of radiating imageeble 
ultrasonic energy when said ultrasonic source is transmitting at a frequency other than the 
resonant frequency of the microbubMes; end 

said detecting step utifaing e Afferent frequency than said transmitting step. 
25 21. The mathod of Claim 20, wherein said mtcrobubbles contain a gas or gas mature. 

22. The method of Claim 21, wham said microbubbles are stsbized by their gas or gas 
mil tare contents. 

23. The method of Claim 20, wham said microbubblaa are produced by sprsy drying e liquid 
formulation containing a biocompatfele membrane-forming material to form a microsphere powder therefrom; 

30 combining the microspheres with s gas osmotic agent; end mixing an aqueous phese with the powder, 
wherein said powder substantia^ dissolves in the aqueous phase to form mcrobubbles. 

24. The method of Claim 22, wherein said microbubbles are coated with e monolayer of 
surfactant. 

25. In a mathod for harmonic ultrasound imaging utilizing microbubbles, the improvement 
35 comprising: 

providing et least one hydrocarbon gas or fluorocarbon gas in said microbubbles in a 
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concentration of at least 2% mole fraction. 

26. A method for enhancing images obtained by ultrasound, said method comprising the steps 

of: 

providing a contrast agent comprising mkrobubbles stabized with at teest one surfactant said 
5 mkrobubbles generating harmonics with an efficiency greeter than a free air bubble; 

eiposing said contrast agent to ultrasonic energy comprising en incident frequency; end 
detecting ultresonk energy radiated from said contrast agent at a frequency other then said 
incident frequency. 

27. The method of dsn 26 wherein said mkrobubbles stabbed with et least one surfactant 
10 contain geseous material having vapor pressure et 37*C over 23 torr, less then about 1% wtJwt. 

solubfty/nwcWty in water, concentration in gas phase when detected greater than 2% mote fraction, and 
a concentration greeter than 50% of its saturation concentration. 

28. The method of claim 26 wherein said mkrobubbles stabized with et best one surfactant 
contain materiel that comprises et least 2% mote fraction of a gas that has a sokibfty of its Squid phase 

IS in hcxonc at 37*C of more then ebout 10% mokfmoJe end e water sotubity/misdbity of its fiquid phase 
of less than cheat 1% wUwt in water et 37'C 

29. Use ef e surfacteat in the preparation of a contrast agent for uttresonk harmonic 
enaging by introducing said contrast egent comprising mkrobubbles stabffized with et least one surfactant 
into an object or body where said mkrobubbles generate hermonks with en ef fkkncy greeter then e free 

20 air bubble, eiposing et least a portion of said object or body to uttresonk energy comprising an incident 
frequency end detectaig ultresonk energy radiated from said contrast agent et a frequency other than said 
incident frequency. 

30. The use of dean 29 wherein said mkrobubbles stabilized with et loest one surfactant 
contain geseous motoric! having vepor pressure et 37°C over 23 torr, less then about 1% wUwt. 

25 sotobity/misdbity in water, concentration in ges phase when detected greater than 2% mole f rsctkn. and 
a concentration greeter then 50% of its saturation concentration. 

31. The use of clean 2S wherein ssid mkrobubbles stabized with et least one surfactant 
contact materiel thet comprises et leest 2% mole fraction of e ges that has a sokibity of its liquid phase 
in hcxonc et 37°C of more then ebout 10% mole/mole end e weter solubiBtY/miscWitY of its fiquid phese 

30 of less then ebout 1% wtJwt in water et 37 # C. 

32. A contrast egent for ultresonk hsrmonk imaging, comprising mkrobubbles having 
normally spherical membranes end containing gaseous material that have vepor pressure et 37°C over 23 
torr, less then about 1% wtJwt solubityfmiscibity in water, a concentrattan in gas phase when detected 
greeter then 2% mole fractkn. end e concentretkn greater than 50% of its saturation concentration, or 

35 thet con»riscs et leest 2% mob fraction of e ges thet has a solubifity of its iquid phase in heiene at 
37°C of more than about 10% mole/mole and a water soluMtty/miscibility of its fiquid phase of less than 
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about 1% wt/wt. in water at 37° C. 

33. Tba contrast aQant for ultrasonic harmonic imaging according to Claim 32, where* said 
material is selected from the group consisting of perf borohexone, perftoropentene, perfkiorocycJopentone, 
1,1,2-trichlerotrifluQroetfcanB, sulfur haxefkioride, cyclopentane, methylene chtorid« ( pentane, haxane, 

5 dichtorodifluoromathana^rkhtoromoAofluorme 

butane, cydobutane, propane, methane, and ethane. 

34. The contrast agent for ultrasonic harmonic imaging according to Claim 32, wherein said 
membranes comprise a tori attest. 

35. The contrast agent for ultrasonic harmonic imaging according to Claim 32, wherein said 
10 gas is a hydrocarbon or a fktorocarboa. 

38. The contrast agent for ultrasonic harmonic imaging according to Claim 34, wherein said 
surfactant is capable of changing the surface tension of water by more than S dynes/cm when the area 
per molecule ef surfactant has changed by 10% as measured on e Langmuir fibn balance. 

37. The contrast egent for uttresoruc harmonic imaging according to Claim 34, wherein said 
15 surfactant has a compo ne n t having a hydrophicfpaphltc balance less than 1 1. 

38. The contrast agent for ultrasonic harmonic imaging according to Claim 34, wherein said 
surfactant, capeble of lowering the surface tension of weter to 40 dynesfcm or lower, has a component 
with a molecular weight over 1,000, or has a critical micelle concentration of 0.3 or less volume fraction 
in water. 

20 39. The contrast egent for ultrasonic harmonic imaging according to Claim 34, wherein said 

surfactant is fhiorinated or non-Newtonian. 

40. The contrast egent for ultrasonic harmonic imaging, according to Claim 32, wherein said 
microbubbles have the property of radiating imegeable ultrasonic energy when exposed to transmitted 
ultrasonic energy et e frequency other then the resonant frequency of the microbubbles. said imageable 

25 ultrasonic energy comprising e different frequency then said transmitted ultrasonic energy. 

41. The contrast agent for ultrasonic harmonic imaging according to Claim 32, wherein said 
merofaubbles are obtained by e method comprising the steps oh spray-drying a iquid formulation containing 
e biocompatible membrane-forming material to form e microsphere powder therefrom; combining said 
microsphere with e gas osmotic egent; end mixing en aqueous phsse with said powder, wherein said 

30 powder substantial dissolves in said aqueous phase to form microbubbles. 

42. A method of enhancing the contrast in uttrosonic harmonic imaging, comprising: 
preparing microbubbles having normaly spherical membranes and containing gaseous 

material that have vapor pressure at 37°C over 23 torr, leu than about 1% wt/wt. 
solubity/mtsobity in water, e concentration in gas phase when detected greater than 2% mole 
35 fraction, end e concentration greeter then 50% of its saturation concentration, or that comprises 

at least 2% mole fraction of a gas that has a sohibfty of its liquid phsse in hexene at 37°C of 
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mora thin about 10% mote/molt and a water solubityfmiscibftty of its iquid phase of less than 
about 1% wUwt in water at 37°C; and 

administering to an object to be imaged said microbubbles as a contrast agent prior to 
ultrasonic harmonic imaging. 


INT] ^NATIONAL SEARCH REPORT 


(Mcrnear Sppucaaon No 

PCT/US 95/12245 


A. CLASSIFICATION OF SUBJECT MATTER 

A 61 B 8/00, A 61 K 49/00 

Acoardwi to laicmtBonal Patent OaMficaaoa (IPC) or to boch naoond cUauTtcaaon and IPC ' 


B. FIELDS SEARCHED 


Miflonun documcnte&on searched (cUanftcaoon system followed by ctaanucaaon symbols) 

A 61 B,A 61 K 


I ID the Ctttt that such c 


i v« tadudcd in the Adds searched 


EIccoook data base con sult ed durai toe 


ir-3t± (oast of dau base too* where practical, acarch tmu wed) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Caatyory * Cuaauo of ooomcm, with incscauoa. where appropriate, of the 


RdtvoHCOctam No. 


A,P 


EP, A, 0 633 030 

(MOLECULAR BIOSYSTEMS) 
11 January 1995 (11.01.95). 
abstract; page 4, 
lines 15-35; page 5* 
lines 1*54; claims 1-7. 

WO, A, 93/06 869 

(MALLINCKRODT) 15 April 1993 

(15.04.93) , 

page 4, lines 20-25; 

claims. 

WO, A, 93/05 819 

(QUAY) 01 April 1993 
(01.04.93) , 
pages 28*29,35-38; 
amended claims 1-3,10-12 
(cited in the application) . 


1,2,8, 
27,30, 
32,33, 
42 


1,2, 

13,32, 

33,36 


2,8, 

25,32. 

33.35 


i art laaed m tu 


of bos C. 


□ 


Patau Canty fl 


i arc luted in annex 


' Spccul casiforta of cued d o nrwmt : 

'A* document defntni tu general state of the art which u not 

lUiBitmrt to be of paroadar rdevsnce 
'E* earber documeni but publttbcd oo or after ttit iitf i m aoonal 

ntefdaie 

'L* document wt»ch may (brow doubtt on pnortty d*tmft)or 
wrath w a ted to esutfah the putfictuon date of another 
atason or other spcoal reason (as tpoaaed) 

*0* document rcftrrmf to an oral dadoturt* use, rdMh s nr ai or 


*P* document pubUthcd prior to (he imema&onai fihni data tat 
later than the pnoray data claimed 


I after the mttrnattond flhnt data 

or priority data and not io conflict with the apptica&on but 
ated lo undtrttaod (he principle or theory underlying the 

_t of parttcuter rctevsnor. the dauncd tnvanoon 
___t be comdered no*d or cannot be ccewdered » 
cvotrt an m*ntj»s cap when the document u taken atone 
t of parooaUr relevance; the daunad invennon 
i miiiUml io invorm an inventive oep when the 
t is eommned with one or mora other such doeu- 
mttts, nidi uwtinmrwi beuta obvious to a person united 
tn the art. 

"A* document number of me tame patent fatrsl y 



Dau of the actual completion of the tmcmatnmal search 

14 December 1995 


Dau of rnadtni of the international starch report 

2 6.0196 


Name i 


drtnof the ISA 
European Patent Office, P.a 511 • Pi 
NL- 22SOIIV Rip** 
Td. < ♦ II-TO) 140.3040, Til II *SI 
Fex(- JI.70) J4O-J0U 


Authorized efneer 

ZAW0DSKY e.h. 


Form PCT/ISA/211 1« 


I nTERNATION l search report 


-2- 


CtCcBBaaoen) DOCUMENTS CONSIDERED TO BE RELEVANT 

r — - ' I / - tun, _ in it i iim 


PCT/US 95/1224! 


of fet 


lUlwiat » cUun No. 


WO. A. 91/15 999 

(VICTORIA UNIVERSITY) 
31 October 1991 (31.10.91) 
abstract; claims 1.4.6-8. 
12-15 

(cited in the application) 

WO. A. 94/16 739 

(SONUS PHARMACEUTICALS) 
04 August 1994 (04.08.94). 
abstract; pages 55-59; 
claims 2.5.16.30,31 
(cited in the application) 


13.20. 
26,29. 
40 


33 


ANHANB 

rue inttrnitionalfntehfrdjw- 
bericht Qbtr die Internationale 
Pttentanae ldung 

In dim Mura lind die Witglig 

namten intent i^fn^Khertfamdef 
mefQhrten Patantdokueente ajgj™" 
Diee *ngatoen dienw nur *ur jntjr- 
richti*Q und erfolgen ahne 6e«lw\ 


ANNEX 

to the International Search 
ftmrt to the International 
Application Mo. 


Patent 


ANNE X E 

au rapport de recherche inter- t 

StiSal relatif * la dewnde de brevet 
intematimal n* 


PCT/US 95/12245 SAE UB704 


This Amex lists ln« A P*tentJfiilr . 

Meiers relating *o the Mtent dooawts 
icht cited in the «hovr^ioned inter- 
national search report,. The Of* ce is 
in no My liable for these particulars 
ahicrt are given eerely for the purpose 
of information. 


La presdnte awwie indweles 
eertres de la faeiHf <te brevets 
relatifs aux donawts * brevets cites 
dans le rapport de recherche inter- 
national visie ci-desM. \"™}Z!r 
etnts fournis sont dcnnts Jtitre ndite- 
tif et n'woagwt pas la responsibilit* 
de I 'Off ice. 


la BeUwOiptoyicht 
rafttrtes Patentdotayt 
latent docuMntcited 

in seirch^rwt 
Docueent de brevet cit* 
dm le rapport de recherche 


EP Al 

WO~Al 
WO~Al 


633030 

"9306i69_ 
"930iil9 


Oatua der 
VerMfentlichung 
Publication 
date 
Datede 
publication 

11-01-95 


15-04-93 
0 1 -04-93 


Hitgliedier! 


Patent 


itfMiUe 
f«ily 


la 


Mrt(i) de _ 
f Jflle de brevets 

^U Al 72184/94 
IL AO H0185 
WO Al 950M87_ 

"AU~Al~27i91/92 


AU Al 
CZ A' 
EP Al 
EP A4 
FI AO 
FI A 
HU AO 
HU A2 
JP T2 
MX Al 
NO A 
NO AO 


1 25503/92 
3 9400612 


NZ 
PT 
US 
CN 
ZA 
US 


605477 
605477 
941242 
941242 
9400786 
68083 
7501319 
9205298 
940956 
940956 
244341 
100867 
54096BB 
1073104 

Wzhht 


Datue der 

Verfiffcntlichung 
Publication 

date 
Date de 
publication 

24-01-95 
21-10-94 

12- 01-95 

77-04-93 
19-10-94 

13- 07-94 
07-09-^4 
16-03-94 
16-05-94 
29-08-94 
29-05-95 
09-02-95 
29-07-93 
16-03-94 



16-06-93 
19-03-93 
28-02-95 


WO Al 9115999 


WO Al 9416739 


31-10-91 


04-08-94 


AU Al 
GB AO 
PT A 
ZA A 


77616/91 
9009423 
. 97481 
9103182 


AU Al 61624/94 
CA AA 215459U 


EP Al 
FI AO 
Fl A 
HU AO 
IL AO 
NO AU 
NO A 


680341 
953546 
953546 
9502163 
10§416 
952819 
952819 


PL Al 309986 


20-06-90 
30-07-93 
26-02-92 

"l5-oi-94 
04-08-94 
08-1 1-95 
24-07-95 
22-09-95 
28-02-95 
26-06-94 
17-07-95 
22-09-95 
13-U-95 


